A strictly aerobic, Gram-negative, non-pigmented bacterial strain, designated LMEB 39 T , was isolated from a seawater sample collected from the Yangtze River estuary near the East China Sea and was examined physiologically, chemotaxonomically and phylogenetically. The novel isolate was motile by a single polar flagellum and positive for nitrate reduction and decomposition of casein, gelatin, Tween 20 and Tween 80, but negative for indole production. Chemotaxonomic analysis revealed ubiquinone-8 as the predominant respiratory quinone and phosphatidylethanolamine and phosphatidylglycerol as major polar lipids. The major fatty acids were C 16 : 1 v7c/iso-C 15 : 0 2-OH, C 16 : 0 , C 18 : 1 v7c, C 12 : 0 3-OH, C 17 : 1 v8c and C 17 : 0 . The genomic DNA G+C content was 42.3 mol%. Comparative 16S rRNA gene sequence analysis revealed that the isolate belongs to the genus Pseudoalteromonas. The genus Pseudoalteromonas was proposed by Gauthier et al. (1995) and represents a clade of marine bacteria grouped by their phylogenetic relationships based on 16S rRNA gene sequences. Members of the genus Pseudoalteromonas are Gram-negative, strictly aerobic, rod-shaped cells. They are motile by a single polar flagellum and have a chemoheterotrophic metabolism (Bowman & McMeekin, 2005) . At the time of writing, the genus Pseudoalteromonas comprises 34 species with validly published names (Gauthier et al., 1995; Ivanova et al., 1996 Ivanova et al., , 1998 Ivanova et al., , 2000 Ivanova et al., , 2001 Ivanova et al., , 2002a Ivanova et al., , b, c, d, 2004 Bozal et al., 1997; Euzéby, 1997; Bowman, 1998; Holmström et al., 1998; Sawabe et al., 2000; Venkateswaran & Dohmoto, 2000; Egan et al., 2001; Isnansetyo & Kamei, 2003; Romanenko et al., 2003a, b; Lau et al., 2005; Park et al., 2005; Nam et al., 2007; Al Khudary et al., 2008) . Some strains produce yellow, red, violet or melanin-like pigments and have the ability to form antibiotic substances (Bowman, 2007) . Here, a novel non-pigmented Pseudoalteromonas strain isolated from the Yangtze River estuary was studied using a polyphasic approach.
The genus Pseudoalteromonas was proposed by Gauthier et al. (1995) and represents a clade of marine bacteria grouped by their phylogenetic relationships based on 16S rRNA gene sequences. Members of the genus Pseudoalteromonas are Gram-negative, strictly aerobic, rod-shaped cells. They are motile by a single polar flagellum and have a chemoheterotrophic metabolism (Bowman & McMeekin, 2005) . At the time of writing, the genus Pseudoalteromonas comprises 34 species with validly published names (Gauthier et al., 1995; Ivanova et al., 1996 Ivanova et al., , 1998 Ivanova et al., , 2000 Ivanova et al., , 2001 Ivanova et al., , 2002a Ivanova et al., , b, c, d, 2004 Bozal et al., 1997; Euzéby, 1997; Bowman, 1998; Holmström et al., 1998; Sawabe et al., 2000; Venkateswaran & Dohmoto, 2000; Egan et al., 2001; Isnansetyo & Kamei, 2003; Romanenko et al., 2003a, b; Lau et al., 2005; Park et al., 2005; Nam et al., 2007; Al Khudary et al., 2008) . Some strains produce yellow, red, violet or melanin-like pigments and have the ability to form antibiotic substances (Bowman, 2007) . Here, a novel non-pigmented Pseudoalteromonas strain isolated from the Yangtze River estuary was studied using a polyphasic approach.
A seawater sample was collected in October 2007 from the Yangtze River estuary (31u 009 040 N 122u 379 260 E) near the East China Sea at a depth of 21 m (temperature 21 u C, salinity 30.5 %). The sample was stored in darkness until micro-organisms were isolated in July 2008. Approximately 80 ml seawater was plated on halophilic medium (HM) containing 10 % (w/v) NaCl by using a tenfold dilutionseries method. After 3 days aerobic incubation at 28 u C, one non-pigmented colony, designated LMEB 39 T , was picked. The isolate was purified by repeated restreaking; purity was confirmed by the uniformity of cell morphology. Unless otherwise stated, strain LMEB 39 T was cultured routinely on HM medium containing 3 % (w/v) NaCl at 28 u C and maintained as a glycerol suspension (30 % v/v) at 280 u C. The HM medium (pH 7.5) contained
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain LMEB 39 T is FJ404721. (Ventosa et al., 1982) .
Optimal conditions for growth were determined using marine broth 2216 (MB) with different NaCl concentrations (0, 0.5, 1.0, 3.0, 5.0, 7.5, 10.0, 12.0, 15.0, 20.0 and 25.0 %, w/v) . The pH range for growth was determined by adding MES (pH 5.0-6.0), PIPES (pH 6.5-7.0), Tricine (pH 7.5-8.5) and CAPSO (pH 9.0-10.5) to MB at a concentration of 50 mM. The temperature range for growth was determined by incubating the isolate at 4, 15, 20, 25, 30, 35, 30, 37, 45, 50 and 55 u C. Cell motility and morphology were examined using optical microscopy (BX40; Olympus) and transmission electron microscopy (JEM-1230; JEOL).
Growth under anaerobic conditions was tested in anaerobically prepared MB under a gas phase containing 10 % (v/v) CO 2 , 10 % (v/v) H 2 and 80 % (v/v) N 2 . Pigments were extracted with acetone/methanol (7 : 2), the extract was cleared by centrifugation and the absorption spectrum (315-800 nm) was determined in a Beckman DU 800 spectrophotometer. Oxidase and catalase activity, H 2 S production, nitrate reduction and the ability to hydrolyse aesculin, casein, DNA, Tweens 20 and 80 and tyrosine were determined according to Dong & Cai (2001) . Acid production was tested using marine oxidation-fermentation medium supplemented with 0.5 % sugars (Leifson, 1963) . Sensitivity to antimicrobial agents was determined on marine agar 2216 (MA; BD) for at least 3 days. Additional enzyme activities and biochemical characteristics were determined using API 20E, API 20NE and API ZYM kits (bioMérieux) at 28 u C. Enzyme activities were tested using the API ZYM kit as recommended by the manufacturer. Strips were inoculated with a heavy bacterial suspension (MacFarland 5 standard) in AUX medium supplemented with 2 % (w/v) sea salts (Sigma) according to Park et al. (2005) . Pseudoalteromonas byunsanensis JCM 12483 T and Pseudoalteromonas undina DSM 6065 T were used as controls in the tests.
Genomic DNA was obtained by using the method of Marmur (1961) . The DNA G+C content was determined by thermal denaturation (T m ) (Marmur & Doty, 1962) using Escherichia coli K-12 DNA as calibration standard. Cellular fatty acid methyl esters obtained from cells grown in MA for 48 h at 30 u C were analysed by using GC-MS (Kuykendall et al., 1988) according to the instructions of the Microbial Identification System (MIDI). Isoprenoid quinones were extracted from freeze-dried cells (200 mg) with chloroform/methanol (2 : 1) and analysed by reversedphase HPLC. Total lipids were extracted by the modified method of Kamekura & Kates (1988) . Phospholipids and glycolipids were separated on silica gel plates (10610 cm) by TLC and analysed according to Xu et al. (2007a) .
The 16S rRNA gene was amplified and analysed as described previously (Xu et al., 2007b) . PCR products were cloned into vector pMD 19-T (TaKaRa) and then sequenced to determine the almost-complete 16S rRNA gene sequence. Sequence data were aligned with CLUSTAL W 1.8 (Thompson et al., 1994) . The sequence was compared with closely related sequences of reference organisms from the EzTaxon service (Chun et al., 2007) . Phylogenetic trees were constructed by the neighbour-joining (Saitou & Nei, 1987) and maximumparsimony (Fitch, 1971 ) methods with the MEGA4 program package (Tamura et al., 2007) and by the maximumlikelihood method (Felsenstein, 1981) according to the algorithm of the Kimura two-parameter model (Kimura, 1980) for the neighbour-joining method.
Cells of strain LMEB 39 T were Gram-negative, rod-shaped and approximately 0.5-0.8 mm wide and 1.0-2.0 mm long. Cells were motile by means of a polar flagellum (Supplementary Fig. S1 , available in IJSEM Online). Detailed phenotypic characteristics of strain LMEB 39 T are given in the species description. A comparison of the phenotypic properties of strain LMEB 39 T , P. byunsanensis JCM 12483 T and P. undina DSM 6065 T is shown in Table 1 .
The almost-complete 16S rRNA gene sequence (1503 nt) of strain LMEB 39 T was obtained. Sequence comparisons to representative bacteria with validly published names indicated that strain LMEB 39 T belongs to the genus Pseudoalteromonas, being related most closely to the type strains of P. byunsanensis (97.4 % similarity) and P. undina (97.2 %); sequence similarities with respect to the type strains of other recognized Pseudoalteromonas species were 92.7-97.1 %. Phylogenetic analysis based on the neighbourjoining method showed that strain LMEB 39
T formed a monophyletic clade adjacent to the type strain of P. byunsanensis (Fig. 1) . Similar topology was found in phylogenetic trees constructed by the maximum-likelihood and maximum-parsimony algorithms using 16S rRNA gene sequences of all currently recognized species of the genus Pseudoalteromonas.
The major fatty acids of strain LMEB 39 T were C 16 : 1 v7c/iso-C 15 : 0 2-OH, C 16 : 0 , C 18 : 1 v7c, C 12 : 0 3-OH, C 17 : 1 v8c and C 17 : 0 . This profile differed from those of P. byunsanensis JCM 12483 T and P. undina DSM 6065 T (Supplementary Table S1 , available in IJSEM Online). The presence of iso-branched fatty acids is a distinct characteristic enabling strain LMEB 39
T to be differentiated from P. byunsanensis JCM 12483
T synthesized a violet pigment when grown on MA and showed maximal absorption at 573 nm, whereas strain LMEB 39 T did not (data not shown). Strain LMEB 39
T could also be distinguished from P. byunsanensis JCM 12483
T by a number of phenotypic characteristics, such as nitrate reduction, utilization of sugars and organic acids, acid production from sugars, susceptibility to antibiotics and enzyme activities (Table 1; Supplementary Table S2 , available in IJSEM Online).
DNA-DNA hybridizations were performed by the thermaldenaturation and renaturation method of De Ley et al. (1970) , as modified by Huß et al. (1983) , using a Beckman DU 800 spectrophotometer. The DNA-DNA relatedness values of strain LMEB 39 T with P. byunsanensis JCM 12483 T and P. undina DSM 6065 T (31.7 and 30.3 %, respectively) were significantly below the value of 70 % that is considered to be the threshold for the delineation of species (Wayne et al., 1987) .
On the basis of the phenotypic and phylogenetic data presented in this study, strain LMEB 39
T represents a novel species within the genus Pseudoalteromonas, for which the name Pseudoalteromonas lipolytica sp. nov. is proposed.
Description of Pseudoalteromonas lipolytica sp. nov.
Pseudoalteromonas lipolytica (li.po.ly9ti.ca. Gr. n. lipos fat; N.L. fem. adj. lytica from Gr. fem. adj. lutikê able to dissolve; N.L. fem. adj. lipolytica fat-dissolving, referring to the property of being able to hydrolyse lipids).
Gram-negative and motile by means of a polar flagellum. Cells are straight to slightly curved and rod-shaped (0.5-0.8 mm in width and 1.0-2.0 mm in length) with rounded ends. Chemo-organotrophic. Colonies on MA are 1-2 mm in diameter, smooth, circular and non-pigmented after 48 h. Requires Na + or seawater for growth. Growth is observed in the presence of 0.5-15.0 % NaCl. Optimal NaCl concentration for growth is 3.0 %. Grows at pH 5.5-9.5 and 15-37 uC (optimum growth at pH 7.0-8.0 and 25 u C). No growth is detected at 4 u C or above 45 u C. Growth occurs on MacConkey agar (red colonies), but not on cetrimide agar. Positive for oxidase and catalase. Nitrate is reduced to nitrite, but not further to N 2 O or N 2 . Aesculin, casein, DNA, gelatin, Tweens 20 and 80 and tyrosine are hydrolysed. Agar is not hydrolysed. H 2 S is produced from L-cysteine or thiosulfate. Glucose fermentation, indole production and ONPG hydrolysis are negative. Voges-Proskauer reaction is positive. Negative for arginine dihydrolase, b-galactosidase, lysine and ornithine decarboxylases, tryptophan deaminase and urease. The following constitutive enzyme activities are detected in API ZYM tests: N-acetyl-b-glucosaminidase, acid and alkaline phosphatases, a-chymotrypsin, esterase (C4), esterase lipase (C8), lipase (C14), a-glucosidase, leucine arylamidase, amannosidase, naphthol-AS-BI-phosphohydrolase, valine arylamidase, cystine arylamidase and trypsin. The following activities are not observed: a-and b-galactosidases, bglucuronidase, b-glucosidase and b-fucosidase. The following compounds are utilized as sole carbon and energy sources: adipate, L-arabinose, caprate, glucosamine, Dglucose, malate and maltose. The following compounds are not utilized as sole carbon and energy sources: citrate, gluconate, D-mannitol, D-mannose and phenylacetate. Acid is produced from L-arabinose, D-fructose, maltose, D-mannose, salicin and sucrose, but not from D-galactose, glucose, lactose, mannitol, myo-inositol, rhamnose, raffinose, D-ribose, L-sorbitol, sorbose, trehalose or D-xylose. Susceptible to (mg unless otherwise stated) ampicillin (10), carbenicillin (100), chloramphenicol (30), erythromycin (15), gentamicin (10), neomycin (30), polymyxin B (300 IU), rifamycin (5), tetracycline (30) and tobramycin (10), but not to bacitracin (0.04 IU), cefotaxime (30), kanamycin (30), nitrofurantoin (300), novobiocin (30) or nystatin (100). Principal fatty acids (.5 %) are C 16 : 1 v7c/ iso-C 15 : 0 2-OH, C 16 : 0 , C 18 : 1 v7c, C 12 : 0 3-OH, C 17 : 1 v8c and C 17 : 0 . Ubiquinone-8 is the major respiratory quinone. The polar lipid profiles include phosphatidylethanolamine and phosphatidylglycerol as the major compounds and minor to trace amounts of diphosphatidylglycerol, two unidentified phospholipids and two unidentified glycolipids.
The type strain is LMEB 39 T (5CGMCC 1.8499 T 5JCM 15903 T ), isolated from the Yangtze River estuary near the East China Sea. The DNA G+C content of the type strain is 42.3 mol% (T m ).
